Abstract-The inhalation of fine particles (PM 2.5 ) and nitrogen dioxide (NO 2 ) has been associated with health problems. Incense burning is an important indoor source of these pollutants. This research aims to measure PM 2.5 and NO 2 emitted from incense burning in shrines on special occasions and during normal periods to assess the indoor air quality changes. PM 2.5 samples were collected on Teflon filters using a mini volume air sampler set up inside the shrines, while NO 2 samples were collected by tube type passive samplers, set up both indoors and outdoors. When special events were compared with normal occasions, the mean PM 2.5 concentrations obtained from 8 and 24 hrs were significantly different (p<0.05). Moreover, their concentrations were significantly higher on Chinese New Year than on other special occasions. In the case of NO 2 , the concentrations were not different among a variety of special occasions, but were higher than the values measured during the normal periods. Moreover, NO 2 concentrations were not found to be significantly different when the indoor and the outdoor values were compared. The values of PM 2.5 and NO 2 concentrations at both shrines were highest during the Chinese New Year. The main reason for this was clearly the number of visitors, which was related with the amount of incense being burned. Concentrations of NO 2 and PM 2.5 were well correlated (r = 0.580 -0.779) in every occasion. It can be concluded that the amount of incense being burned played a significant role in pollutant emissions and the indoor air quality.
I. INTRODUCTION
Particulate matter (PM) is of great importance due to its adverse effects on human health. Coarse particles (PM 10 , particles with an aerodynamic diameter of 10 µm or less) and fine particles (PM 2.5 , particles with an aerodynamic diameter of 2.5 µm or less) are often used as important indicators to characterize the mortality and health risk from lung cancer and cardiopulmonary deaths. However, the mortality rates and health risks were found to be greater for PM 2.5 than PM 10 [1] . PM 2.5 is formed from the gas and condensation of high-temperature vapors during the combustion processes including forest fires or residential wood fires, the burning of fossil fuels in motor vehicles, furnaces, boilers, and heaters and certain industrial processes. Secondarily, fine particles are created when chemicals react in the atmosphere and grow through particle-particle or gas-particle interactions. PM 2.5 is believed to pose the greatest health risks because they can go as deep as the alveoli [2] . However, Fierro [1] reported that PM 2.5 was associated with a 36 % increase in deaths from lung cancer and 26% increase in cardiopulmonary deaths and these risks are even greater for people over the age of 65. The increased levels PM 2.5 of each 10 µg/m 3 were associated with approximately a 4%, 6%, and 8% increase in all causes of cardiopulmonary and lung cancer mortality, respectively [3] .
Nitrogen dioxide (NO 2 ) is also an important indicator of air pollution. It is the most toxic form of nitrogen oxide (NO X ) generated from motor vehicles or traffic, electric utilities and indoor combustion sources. Indoor air studies have provided evidence of the effects on the respiratory symptoms of infants at NO 2 concentrations below 40 μg/m 3 . These associations cannot be completely explained by co-exposure to PM, but it has been suggested that other components in the mixture (such as organic carbon and nitrous acid vapours) might explain part of the observed association [4] . The inhalation of nitrogen dioxide serves as a strong respiratory irritant, reduces resistance against respiratory infections, alters the lung function in asthmatics and enhances bronchial responsiveness to allergens.
Incense burning has been a common practice in many countries. Buddhism and Taoism are the major religions in East Asia in such places as China, Thailand and Taiwan. Incense burning is a daily practice involved in worship at religious ceremonies and is also a tradition that acknowledges paying respect to one's ancestors [5] . Besides, incense and joss paper burning are an important ceremonial practice for deity worshipping in these religions especially in China and Taiwan.
Burning of incenses emits a lot of gaseous and particulate pollutants. Lee and Wang [6] reported the characteristically emissions of air pollutants from incense burning in a large environmental test chamber. Three types of incense were compared including tradition, aromatic and church incense. The target pollutant included PM10 and PM2.5, volatile organic compounds (VOCs), carbon monoxide (CO), carbon dioxide (CO 2 ), nitrogen oxide (NO X ) and methane (CH 4 ). The particulate matter and CO emitted from all the incense type significantly exceeded the Recommended Indoor Air Quality objectives for Office Building and Public Places in Hong Kong (HKIAQO). It was found that the VOCs emitted sequence was aromatic incense> traditional incense> church incense. The emission factors of PM2.5 from incense burning varied between 0.4-44 mg/g [7] to 5-56 mg/g [8] . The study from Taiwan [9] showed that concentrations of indoor suspended particulate (PM 2.5 , PM 2.5-10 and PM 10 ) increased during the time when pilgrims appeared at the incense S. Bootdee [10] . The average TSP concentration in the indoor was 790 µg/m 3 , which was 3-11 times higher than the outdoors (72.5 µg/m3). The average PAH concentration of the inside air (8,888 ± 3,598 ng/m 3 ) was approximately 19 times higher than the outdoors (468 ±156 ng/m 3 ). Incense burning is found to be a significant source of PAHs, heavy metals, particulate matters, greenhouse gases (CO2 and CH4) and VOCs [2] , [11] , [12] .
Exposure to incense smoke may be associated with many adverse health effects including cancer, respiratory morbidity, central nervous system damage and lung irritation [2] , [12] , [13] . Numerous studies related to inhalation epidemiology have shown a positive association between ambient PMs -bound PAHs concentrations and adverse health effects. Navasumrit et al. [13] conducted the study in Thailand by comparing two studied subject groups. Air particulate samples were collected by using personal air sampling from temple workers (n= 40) and control group (n= 25). It was found that the temple workers were exposed to relatively high level of benzene (45.90 µg/m 3 ), 1, 3-butadiene (11.29 µg/m 3 ) and PAHs (19.56 ng/ m 3 ), which were significantly higher than those of control workers (p<0.01). These results indicated that exposure to carcinogens emitted from incense burning may increase health risk for the development of cancer in temple workers. The similar study was carried out in Taiwan, but with more sample types. PM10 samples were collected by using personal collection sampler during pilgrim day (the first and fifteenth day of each lunar month) and normal days (all other days) from the temple workers. The samples were analyzed for PAHs. It was found that the total PAHs (t-PAHs) and carcinogenic PAHs (car-PAHs) on pilgrim days were higher than those on normal days. Mean concentrations of urinary 1-hydroxypyrene (1-OHP) in the pre-shift and post-shift workers of the temples on normal days were 1.20 and 1.61 µg/g creatinine, respectively. However, the post-shif concentrations of 1-OHP found in the temple worker on pilgrim days were all higher than those on normal days. In other words, an increase of unit concentration of urinary 1-OHP would lead to an approximate 32-fold increase of cancer risk for the workers of the temples [14] . Chiang and Liao [12] reported the assessment of human exposure to airborne PMs and PAHs from heavy incense burning in temples using a mechanistic-based exposure and risk models, appraised with reported empirical data. Results implicated that exposure to smoke emitted from heavy incense burning may promote lung cancer risk.
There are limited data of pollutants emitted from incense burning in Thailand. Consequently, the main objectives of the research are to measure air pollutants (PM 2.5 and NO 2 ) emitted from incense burning in shrines during special occasion and normal period to assess indoor air quality changes based on burning of incense.
II. MATERIAL AND METHODS

A. Sampling Sites
The sampling sites consisted of the famous shrines located in one of the most crowded areas in the city of Chiang Mai, namely Waroros Market. The first shrine is the older of the two shrines and was founded in 1876 by Chinese ancestors. The size of the building is approximately 818 m 2 and 4 m in height. The building is poorly ventilated as it was designed as almost a closed system of air-flow with only one door open for visitors. The second shrine has an area of approximately 1220 m 2 . The compound was contained within high walls (~ 4 m height). A worship room (12 6 m 2 ) is situated at one side of the area, while the other side is an open area. The ventilation system in the second shrine is better than the first one. It has 4 turbine ventilators on the roof of the worship room and its ceiling is open. This shrine is located near a narrow road with high traffic density, which included motorcycles and small diesel trucks (pick-ups), on a daily basis.
At the first shrine, each visitor would purchase 8 large incense sticks (~ 9 mm diameter, ~ 48 cm long and ~ 34 cm coated combustible part). After each individual ceremony, the burned incense sticks were not allowed to be kept inside the worship area, but were kept outside. At the second shrine, one visitor would purchase a package of 28 smaller incense sticks. Twenty-six of them were burned in the worship room and the rest were burned outdoors. The size of a single incense stick was much smaller than those at the first shrine. Each one had a diameter of ~2.4 mm, was 32 cm long and had a 21 cm coated combustible part.
The sampling was carried out at both shrines during special occasions and over normal periods (background value). The special occasions were those associated with the Chinese lunar calendar, such as Chinese New Year, the Chinese Ghost festival, a vegetarian festival, the moon festival, as well various other celebrations of the shrine that were considered.
B. PM 2.5 Sampling
Indoor PM 2.5 samples were collected on Teflon fiber filters (2 µm PTFE, 46.2 mm diameter, Whatman's filter paper) using Minivol Air Samplers (Air metric, USA) at a flow rate of 5 L/min for 8 hrs (8 am -4 pm) and 24 hours (8 am -8 am). The filters were pre-weighed by a microbalance in a controlled room (25.4±2.8 °C, 41.3±5.4% RH). After the sampling, the filters were kept in aluminium foil plates inside a desicator for 48 h before being re-weighed and stored in a freezer (-4.0 º C) until analysis.
C. NO 2 Sampling
The Indoor and outdoor NO 2 levels were collected by lab made passive samplers [15] in order to estimate NO 2 levels emitted from different sources. The major source of NO 2 outdoors was traffic emissions, while the burning of incense was the primary indoor source. The sampler consists of a polypropylene (PP) diffusion tube (7.70 cm length and 2.00 cm inter diameter) containing Whatman's GF/A filter paper impregnated with 50 µl of 20 % TEA. A set of the samplers (5 sampling tubes and 3 blank tubes) attached in a shelter were hung at 1.5 -2.0 m above ground level for 8 and 24
hours. After the sampling, the NO 2 concentration was determined colorimetrically as nitrite (NO 2 -). For extraction, 2 ml of de-ionized water were added into the tube and stirred well for 15 minutes to allow the nitrite to dissolve in the water. One ml of the nitrite solution was mixed with 2 ml Saltzman reagent. After extraction, the absorbance was measured by spectrophotometer (Jasco UV 530, Japan) at 540 nm. Table I shows the concentrations of PM 2.5 measured indoors and the number of visitors at two shrines on special occasions (with the exclusion of Chinese New Year), as well as on Chinese New Year and the normal period (background value). The background values of 8 hours of indoor PM 2.5 measuring ranged from 82±25 µg/m 3 (shrine 1) to 92±42 µg/m 3 (shrine2), while those of the 24-hour period were 50±20 µg/m 3 (shrine 2) to 53±26 µg/m 3 (shrine 1). The concentrations of PM2.5 at shrines 1 were slightly lower than those at shrine 2. It might be because in case of the shrine 1, burned incense sticks were not allowed to keep inside the shrine. Based on the results, the different architecture of the two shrines might not play a significant role for PM concentrations. Otherwise, if the number of visitors is the almost equal, the PM2.5 concentrations in the shrine 1 should be higher than the shrine 2 due to its poorer ventilation system. It was obvious that the mean PM2.5 concentrations measured during each occasion were significantly different.
Their concentrations in descending order were Chinese New Year > other special occasions > the normal period. This pattern was the same for both 8 and 24 hr periods at the two shrines. The main reason for the high levels of pollutants found indoors was clearly the number of visitors, which was related with the amount of incense being burned. During Chinese New Year and on other special occasions, the 24 hr mean values of PM 2.5 concentrations collected from both shrines were 3-4 times higher than the National Ambient Air Quality Standard (NAAQS), USA (65 µg/m 3 ). When comparing these values with other places, the 8 hr PM 2.5 concentrations measured in this study during Chinese New Year (400±230 µg/m 3 to 625±147 µg/m 3 ) were higher than those found in a temple in Hong Kong (360±23 µg/m 3 ) during 8 hrs of exposure at the peak periods, which were measured on either the first or the fifteenth day of each month of the Chinese lunar calendar [16] .
B. Indoor and Outdoor of NO 2 Concentrations
The average concentrations of NO 2 that were measured both indoors and outdoors at the two shrines during Chinese New Year, on other special occasions and during the normal periods are shown in Table II . It was found that the concentrations of NO 2 that were measured indoors were slightly higher than those that were measured outdoors, but there was no significant difference among their average concentrations. The indoor NO 2 concentrations measured during Chinese New Year were higher than those measured during the special occasions for all cases (8 and 24 hours at both shrines). However, the values were not significantly different (p>0.05). The average concentrations measured during both designated periods from both shrines were however significantly higher than the normal period.
The outdoor NO 2 concentrations measured on special occasions and those that were measured normal periods were not significantly different, but were significantly lower than those measured on Chinese New Year (p<0.05). The highest indoor and outdoor NO 2 concentrations (8 hrs) were found during Chinese New Year (55.3±0.0 and 48.3±5.8 ppbv, respectively) at shrine 1, and these figures were related to the number of visitors and consequently the amount of incensed burned. However, all the indoor NO 2 levels did not exceed those that were measured at the Hong Kong -IAQO 8 hrs-average good class concentration of NO 2 (<80 ppbv).
The information on the indoor/outdoor (I/O) ratios of NO 2 concentrations is important. The I/O ratio was generally found to be greater than 1, which shows that the exposure of NO 2 values can be higher indoors when compared with the outdoor area [17] . The average I/O ratio for NO 2 concentrations (Table II) illustrates that the I/O ratio in the shrine 2 was greater than that of shrine 1, due to a greater amount of incense being burned. The I/O ratio of NO 2 recorded during the Chinese New Year at shrine 1 was less than 1 (outdoors > indoors). This is probably due to shrine 1's rule, which states that: "burned incense sticks are not allowed to kept inside the shrine". For shrine 2, the I/O ratio was also less than 1. The reason for this might be different from that of the first shrine. The outdoor NO 2 level was higher than the indoor level due to high traffic density at the roads nearby the shrine [18] , [19] . The highest I/O ratio over 8 hrs was found during Chinese New Year, due to the large amount of incense being burned in shrine 2. The mean I/O ratio of NO 2 in this study was 1.2 ±0.1, which was lower than the mean ratio from medieval churches in Cyprus (1.97) [20] . This was probably related with the amount of incense being burned indoors. 
) and Number of Visitors
The correlation of each pair of parameters was examined by Pearson's correlation. The method is to take a collection of paired sample data and reflects the dynamic quality of the relationship between the two variables. The correlation coefficient of sample measures the strength of the linear relationship that exists within a sample of n bivariate data.
The value of this descriptive statistic ranges between -1 and +1. The strong relationship is bigger number mean better prediction [21] , [22] .
The results found that correlations between PM 2.5 and NO 2 concentrations were relatively strong (r = 0.580 -0.779), due to the relationship to the burning of incense. However, the correlations between PM 2.5 levels and the number of visitors (r = 0.812 -0.884) were higher than those between the NO 2 concentrations and the number of visitors (r = 0.581 -0.736). The results obtained also indicated that the higher number of visitors was associated with the greater amount of incense being burned, resulting in higher pollutant concentrations indoors.
IV. CONCLUSION
Concentrations of specific indoor pollutants, including PM 2.5 and NO 2 , were found to be directly correlated with the amount of incense being burned at the location. It was clearly seen that levels of those pollutants were significantly higher on special occasions than during the normal period. The concentrations, in particular PM 2.5, were higher than the standard values regulated by various organizations concerning air quality and health. This is based on the fact that bad indoor air quality significantly affects human health. The solutions involve the improvement of the ventilation systems in the warship rooms and a decrease in the amount of incense being burned by each visitor.
